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I.  Introduction 

This  report  summarizes  the  research  under  Contract  N000 14-70- C-OIA7 
during  the  period  1  March  1979  through  29  February  I9B0.  Work  was  conti¬ 
nued  in  the  area  of  nitrcoxetane  chemistry,  leading  to  the  first  synthesis 
of  3-nitrooxetane.  A  convenient  route  to  functional  oxetane  intermediates 
was  developed.  Work  was  initiated  on  the  chemistry  of  1-f luoro-l-nitro- 
ethylene,  and  new  routes  to  this  oLefin  were  found.  Additional  studies 
of  the  polymerization  of  2-f luoro-2,2-di nitroethyl  glycidyl  ether  with 
acidic  catalysts  provided  evidence  for  a  novel  polymerization  pathway. 


1. 


XX.  Oxetane  Synthesis 


A.  Discussion 

Previously  on  this  program1  3-fluoro-3-nitrooxetane  was  synthe¬ 
sized  and  polymerized,  and  efforts  were  initiated  to  synthesize  3,3-dinitro- 
oxetane.  The  method  used  for  3-fluoro-3-nitrooxetane,  the  base- catalyzed 
ring  closure  of  the  monotriflate  of  2-fluoro-2-nitro-l, 3-propanediol  could 
not  be  applied  to  nonfluorinated  analogs.  Fluorine  inhibits  deformylation 
of  adjacent  methylol  groups,  an  effect  that  is  apparently  critical  for  the 
ring  closure.  Triflates  of  2,2-dinitropropanediol  and  of  trihydroxymethyl - 
nitromc thane  gave  only  decomposition  products. 
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Consequently  efforts  to  synthesize  a  nonfluorinated  nitrooxetane 
were  bused  on  conversions  of  other  functional  groups  on  the  oxetane  ring  to 
nitro  groups.  Known  3-functional  oxetanes  suitable  for  displacement  reaction 
include  the  bromide,  the  iodide  and  the  tosylate.  The  bromide  and  the  iodide 
have  been  prejared  from  the  tosylate  which,  in  turn,  was  obtained  from  the 


alcohol.  The  alcohol  was  prepared  as  follows: 
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Chlorination  of  allyl  alcohol,  at  only  20 #  conversion,  was  re¬ 
ported  to  give  a  65:35  mixture  of  2-allyloxy-3-chloropropanol  and  3-allyloxy- 
2-chloropropanol,  as  well  as  a  variety  of  other  products.  Treatment  with 
refluxing  aqueous  sodium  hydroxide  gave  an  9f>  yield  of  3-allyloxyoxetane. ^ 
Treatment  of  allyl  alcohol  with  0.25  equivalent  of  t-butyl  hypochlorite 

and  a  catalytic  amount  of  p-toluenesulfonic  acid  was  reported  to  give  a 

k 

similar  mixture  of  the  above  alkoxychloropropanols.  We  repeated  the  latter 
reaction  and  converted  the  mixture  to  3-allyloxyoxetane  in  11$  yield,  based 
on  _t -butyl  hypochlorite. 

Treatment  of  3-ally1 oxycxetane  in  dimethyl  sulfoxide  with  potassium 

2 

tert-butoxide  afforded  3-propenoxyoxetune  in  85$  yield.  3-Hydroxvoxetanc  was 
obtained  in  84$  yield  after  treatment  of  3-pronenoxyoxetane  with  a  catalytic 
amount  of  sulfuric  acid  in  aqueous  methanol  for  5  days  at  room  temperature .  ^ 
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A  more  satisfactory  synthesis  of  3-hydroxyoxetane  was  developed 
based  on  the  acetic  acid  adduct  of  epichlorohydrin.  The  hyaroxyl  group  was 
protected  as  the  base-stable  but  acid-labile  tetrahydropyranyl  ether,  and 
base  treatment  simultaneously  hydrolyzed  the  ester  and  effected  ring  closure. 
This  blocking  prevented  epoxide  formation. 
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Reaction  of  epichlorohydrin  in  glacial  acetic  acid  with  a  cataly¬ 
tic  amount  of  anhydrous  ferric  chloride  gave  a  93$  yield  of  3-chloro-2-hydroxy- 
1 -propyl  acetate. ^  Treatment,  of  3-chloro-2-hydroxy-l-propyl  acetate  with  di- 
hydropyran  in  methylene  chloride  with  a  catalytic  amount  of  pyridinium  p- 
toluenesul fonate^  afforded  3-c^l°ro -2-tetrahydropyranyloxy-l- propyl  acetate. 
Refluxing  3-chloro-2-tetrahydropyranyloxy-l-propyl  acetate  in  aqueous  sodium 
hydroxide  for  17  hours  g  .ve  3-tetrahydropyranyloxyoxetane.  Hydrolysis  of 
the  tetrahydropyranyl  ether  was  effected  by  heating  in  methanol  solution 


k 


with  a  catalytic  amount  of  pyridinium  p-toluenesulfonate.  The  overall 
yield  of  3-hydroxyoxetane,  based  on  epichlorohydrin,  was  37^,  and  it  was  not 

necessary  to  purify  the  intermediate  products. 

2 

Reported  procedures  were  used  to  prepare  the  halide  and  tosy- 
late  derivatives  of  3-hydroxyoxetane.  Attempts  to  convert  the  bromide  to 
the  nitro  compound  by  displacements  with  nitrite  ion  were  unsuccessful. 
3-Bromooxetane  did  not  react  with  silver  nitrite  in  carbon  tetrachloride 
over  a  24  h  period  at  room  temperature.  Neither  did  3-Bromooxetane  react 
with  sodium  nitrite  in  N,  N-dimethylformamide  in  6  days  at  room  temperature. 
Heating  this  mixture  at  100°C  for  ?4  h  however,  resulted  in  consumption  of 
3-bromooxetane,  but  3-nitrooxetane  was  not  detected. 

3-Iodooxetane  did  not  react  with  silver  nitrite  in  carbon  tetra¬ 
chloride,  acetonitrile,  or  ether  in  3  days  at  room  temperature.  Reaction  of 
3-iodooxetane  with  sodium  nitrite  in  N,  N-dimethylformamide  also  failed  to 
give  3-nitrooxetane.  After  1?  h  at  room  temperature,  no  reaction  had  taken 
place,  and,  after  12  h  at  100°C,  3-iodooxetane  was  decomposed. 


1 - o  I - i 

X=  Br,  I 

The  unreactivity  of  th '  above  3-halooxetanes  is  not  altogether 
surprising.  The  displacement  of  3-°xetyl  tosylate  with  alkali  metal  halides 
in  triethylene  glyeo!  required  a  temperature  of  about  i  j'O'-'C,  and  3-iodooxe- 
tanc  did  not  react  appreciably  with  diethy famine  below  200° C.  Similarly, 


i r 


reaction  of  3, 3-bis(iodomethyl)  oxetane  with  silver  nitrite  in  refluxing 

7 

ether  afforded  only  a  3#  yield  of  3, 3-bis(nitromethyl)  oxetane. 

As  it  has  recently  been  shown  that  cyclohexylamine  could  be 

oxidized  to  nitrocyclohexane  in  75$  yield  by  the  use  of  m-chloroperbenzoi c 

8 

acid,  consideration  was  next  given  to  the  oxidation  of  3-aminocxetane  to 

3-nitrooxetane.  3-Aminooxetane  has  been  prepared  by  the  reduction  at  high 

9 

pressure  ( 1000  psi)  of  3-oximinooxetane,  but  the  preparation  of  this  start¬ 
ing  material  involved  a  multistep  sequence. 

Mere  straightforward  procedures  were  developed  based  on  the 
available  tosylate.  Reaction  of  3-oxetyl  tosylate  with  potassium  azide  in 
hexamethylphosphorami de  at  8y°0  afforded  3-azidooxetane  in  a  50$  isolated 
yield.  Ring-opening  of  the  oxetane  by  azide  was  a  significant  side  reaction. 
Reaction  of  3-°xe-y-  tosylate  with  potassium  azide  and  l8-crown-6  in  refluxing 
acetonitrile  afforded  only  a  2d $  yield  of  3-azidooxetane. 

hydrogenation  of  3-azidooxetane  at  atmospheric  pressure  in  metha¬ 
nol  with  10$  Pd-C  afforded  3-ami nooxetane  in  57$  isolated  yield.  It  was  also 
found  that  reaction  of  3-oxetyl  tosylate  with  ammonia  at  110°C  for  l6  h  gave 
a  1 6$  yield  of  3-ami nooxetane.  It  is  possible  that  the  ammonium  p-toluene- 
sulfonate  formed  in  the  above  reaction  is  cajxible  of  effecting  ring-opening 
of  3-amiroc\xetane. 

Oxidation  of  3-aminoc.xetane  with  four  equivalents  of  m-chloroper- 
benzoic;  acid  in  refluxing  1 ,2-dieh  'orcethano  gave  3- nitreexetane  in  75$  yield. 
The  oxidative  nitration  of  this  product  to  yield  oi  r.i  trooxetano  will  be 
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investigated . 
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B.  Experimental 

3- Ch loro-2- tetrahyd ropy ranyloxy-1- propyl  acetate.  A  eolation  of 
271.0  g  (1.78  moles)  of  3-chloro-2-hyaroxy-l-propyl  acetate,  244  ml  (2.67  toLcs) 
of  freshly  distilled  dihydrcpyrai.,  and  44.7  g  (0.178  moles)  of  pyridinium  p- 
toluenesulfonate  in  l800  ml  of  methylene  chloride  was  stirred  at  room  tempera¬ 
ture.  After  30  min  the  reaction  became  exothermic  enough  to  cause  the  methyl¬ 
ene  chloride  to  reflux.  The  reaction  mixture  was  then  cooled  in  an  iee-bath 
and  stirred  overnight.  Alter  2,-'  h  tie  reaction  mixture  was  washed  with  500  ml 
of  water  and  ?5 0  ml  < f  half-saturated  sodium  chloride  solution.  The  methylene 
chloride  sr  iutlon  was  then  dried  over  sodium  sulfate  and  solvent  was  removed 
in  vacuo.  After  ;  he  residue  was  dried  at  0.03  mm  vacuum  for  1.5  h>  there  re¬ 
mained  473.3  g  of  crude  3-ch.l  oro-2-tetrahydropyranyloxy-  l -propyl  acetate: 

<H  NMR  (CDC13)5  1.63  (hr.  s,  6  H,  (CH2)3) j  2.C3  (s,  3  H,  O^CO) ;  3-5-4. 3  (7  H, 
CHgCHGHp);  4.73  (br.  s,  L  H,  -0-CH);  IH  (neat.,  NaCJ  )  3000,  2910  (C-H);  1740 
cm  ^  (-O-CO-CHj) .  The  above  THP  ether  is  thermally  unstable.  Efforts  to  purify 
3-ohloro-2-tetrahydropyranyloxy- 1 -propyl  acetate  by  gc  or  distillation  resulted 
in  removal  of  the  THP  group. 

3-Tetraiiydropyrany  1  oxyoxetane.  To  4y6  g  of  crude  3-chloro-2-tetra- 
hydropyranyloxy- 1 -propyl  acetate  was  added  f’l7>  g  (5.4  moles)  of  sodium  hydroxide 

The  reaction  mixture  was  heated  al  reflux  for  Vf  h.  The  tippe 


in  500  ml  of  water. 


organic  layer  was  separated  and  taken  up  in  350  ml  of  methylene  chloride. 

The  methylene  chloride  solution  was  dried  over  sodium  sulfate  and  solvent 
was  removed  in  vacuo  to  leave  320.9  g  of  3-tetrahydrcpyranyloxyoxetane : 

11I  I-IMR  ( ODCl^)  S  1.63  (br.  s,  6  H,  (GH2);  3. 2-4. 4  (m,  2  H,  -OCHg);  4.47 
(hr.  s ,  1  H,  CH);  4 .67  (br.  s,  4  H,  0(04,));  5-17  (br.  s,  1  H,  0-CH);  IR 
( GH_ Cl0 )  2970,  2910  (C-H);  98O  cm  *  (oxetane). 

i—  t— 

Extraction  of  the  aqueous  layer  with  ether  (2x250  mi  ) ,  drying  over  sodium 

sulfate  and  removal  of  solvent  in  vacuo,  gave  an  additional  10-3  g  for  an 

overall  crude  yield  of  334.1?  g.  Win  le  3-tetrahydropyranyloxyoxetane  could 

be  distilled  (4t3-65c/0.2  mm)  extensive  Loss  of  the  THP  group  occurred. 

3-Hydrox,yoxetane.  A  solution  of  205  g  of  crude  3-teL rahydropyranyl- 

oxetane  and  11.  3  g  (0.045  moles)  of  pyri  iinium  p-toluenesulfonate  in  3  -I  of 

methanol (0. 015  M  in  PPTS)  was  refluxed  for  14  h.  The  methanol  was  removed 

in  vacuo  and  the  residue  was  extracted  with  ether  ( 300  mi  and  2  x  50  ml). 

The  ether  was  decanted  and  filtered  through  sodium  sulfate.  After  the  ether 

was  removed  in  vacuo,  the  residue  was  vacuum  distilled  to  give  50.6  g  of  3- 

2 

hydroxyoxetane :  bp.  69-75°  / 12  mm  (lit.  72-73/9  mm).  The  overall  yield  of 
3-hydroxyoxetane  from  3-chloro-2-hydroxy-l-propyl  acetate  was  40.0$,  and 
from  epichlorohydrin  the  overall  yield  is  37- 1$- 

3-Azidooxetane.  A.  A  solution  of  7-3-ig  (0.0 32  mole)  of  3-oxotyl  tosy- 
late  and  2.80g  (O.O34  mole)  of  potassium  azide  in  80  ml  of  hexamethyl phosphor- 
amide  was  stirred  at  87° C  for  6  h  and  then  overnight  at  room  temperature.  The 
precipitate  of  potassium  tosylate  was  filtered,  and  the  filtrate  was  vacuum 
distilled  to  afford  1.86  g  of  j-azidooxotane,  bn  86-93°C  (49  mm)  that  was  92$ 
pure  as  per  4  H  flMH  (50$  yield).  Preparative  gc  (9$  WE-1  on  Chromasorb  W;  100°) 


afforded  an  analytical  sample  of  3-azidooxetane:  NMK  (CDCl^)  5 4 . 60  (m,  4  H, 

CHo0CH2);  4.76  (m,  1  H,  CH-N3);  IR  (CKgC^)  3000,  2930  (C-H);  2150  (-Nj);  990 
cm-1  (oxetane). 

Anal.  Galcd  for  (^H  l^Oj  C,  36.36;  H,  5. 09,  N,  42. 4i.  Found:  C,  36.2;; 

H,  4.82;  N,  43.06. 

B.  To  a  solution  of  2.28  g (0.01  mole)  of  3-oxetyl  tosylate  in  35  ml  of 
dry  acetonitrile  was  added  0.4l  g  (0.001  mole)  of  l8-Crown-6  ( and  1.00  g 
(0.012  mole)  of  potassium  azide.  The  solution  was  heated  at  reflux  for  47  h 
and  an  ac Jitional  0.60  K (0.0025  mole  total)  of  18- Crown-6  was  added.  Heating 
was  continued  for  an  additional  43  h.  After  the  reaction  mixture  was  cooled 
to  room  temperature  and  filtered,  the  acetonitrile  was  distilled  and  the  resi¬ 
due  vacuum  distilled  (65°/40  mm)  to  afford  0.274  g  (2 8^)  of  3-azidooxetane, 

1 

which  was  pure  by  H  NMR. 

3-Ami nooxetane.  A.  To  a  solution  of  1.50g(0.013  mole)  of  3-azidooxetane 
(90 i>)  in  30  ml  of  methanol  war  added  0.750  g  of  1 0$  palladium  on  carbon.  The 
resulting  suspension  was  stirred  vigorously  while  hydrogen  gas  was  introduced 
over  15  minutes.  The  hydrogen  was  generated  by  the  addition  of  23  ml  of  2N 
hydrochloric  acid  to  I.50  g(0.O39  mole)  of  sodium  borohydride  in  30  ml  of  water. 
The  reaction  mixture  was  stirred  one  hour  Longer  and  wus  then  filtered  through 
celite.  The  methanol  was  distilled  and  the  resulting  residue  was  vacuum  dis¬ 
tilled  to  afford  0.543  g  (57.2$)  of  3-umi nooxetane,  bp  70-73°  (89  mm)  (lit. 

-1 

8.'i-8;:<:/100  mm);'  TR(CC)U)  3450  (-MiJ;  3000  ,  2910  ( C-H) ;  16 1 5  (-MHg);  9&0  an 

(oxetane) . 

b.  To  2.26  -  (0.01  mole)  of  3-oxetyl.  tosylate  in  a  100  ml  stainless  steel 
tomb  was  added  jo  ml  of  liquid  ammonia.  The  bomb  was  sealed  and  heated  at  102- 
1 I2°f  for  10  h.  The  bomb  was  cooled  in  a  dry  ice-acetone  bath,  and  5  ml  of  a  10$ 
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sodium  hydroxide  solution  was  then  carefully  added.  The  brown  aqueous  solu¬ 
tion  was  extracted  with  methylene  chloride  (3  x  20  ml)  and  ether  (25  ml).  The 
extracts  were  then  combined  and  dried  over  sodium  sulfate.  Solvent  was  dis¬ 
tilled  and  the  residue  was  vacuum  distilled  to  afford  0.114  (l6%)  of  3-a.mino- 
oxetane,  bp  70°C  (80  mm). 

3-Nltrooxetane.  To  a  solution  of  1.28  g  (6.3  mmol)  of  m-chloroperbenzoic 
acid  (85$)  in  9-4  ml  of  refluxing  1,2-dichloroethane  was  added  over  3  min  0.1l4g 
(I.56  mmol)  of  3-amineoxetane  in  1.6  ml  of  1,2-dichloroethane.  The  reaction 
mixture  was  refluxed  for  3  h  and  was  then  cooled  to  -20°C.  The  precipitate  of 
m-chlorobenzoic  acid  was  filtered,  and  the  filtrate  was  evaporated  to  dryness 
in  ’-acuo.  The  resulting  solid  residue  was  extracted  with  25  ml  of  water,  and 
the  water  was  extracted  with  methylene  chloride  (2  x  25  ml).  Removal  of  the 
methylene  chloride  in  vacuo  left  0.143  g  of  a  solid  residue,  which  was  extracted 
with  a  small  volume  of  methylene  chloride.  Preparative  gc  (9$  QF-1  on  Chromasorb 
W;  120°)  afforded  0.060  g  (75%  yield,  based  on  50%  RC  recovery)  of  3-nitrooxetane; 
%  NMR  ( CDC1  )  cf  4 . 83  and  4.93  (s,  4  H,  GH  -0-  CHn ) ;  5-23  (m,  1  H,  CHNOg);  IR 
(C»2Clr)  2990  ,  29'tO  (C-H);  1550,  1370  (NO2);  985  cm  (oxet.ane). 

Anal.  Calcd  for  Cyi^NOj:  C,  34.96;  H,  4.89.  Found:  C,  34.77;  H,  4.87. 

III.  Chemistry  of  l-Fi noro- l-nitroethyi ene 
A.  Discuss  loti 

In  previous  work  on  this  program  involving  base- catalyzed  reactions 

of  2-f !  uoro- 3- hydroxy -2 -ni  tropropy  1-p- toluenes ull’onate,  1- f luoro- 1-nitroethylene 

was  implicated  as  an  intermediate.'  The  only  publication  dealing  with  this  ole- 

10 

fin  is  a  communication  by  Kremenko  describing  its  preparation  by  thermolysis 
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of  2-fluoro-2-nitroethyl  acetate;  no  chemical  properties  were  given.  The  starting 
material,  2-fluoro-2-nitroethanol  was  obtained  by  the  high  dilution  fluorination 
of  2-nitroethanol.  Our  synthesis  work  in  the  area  of  2-fluoro-2-nitro-l, 3- 
propanediol  chemistry  provided  what  appeared  to  be  more  practical  routes  to 
1-fluoro- 1-nitroethylene,  and  therefore  an  invest lotion  of  this  potentially 
useful  oLefin  whs  initiated. 

The  first  approach  that  was  taken  was  to  hydrolyze  fluoronitro- 

11 

malonate  esters  by  a  published  procedure  to  give  f luoronitroacetates.  Addi¬ 
tion  of  f ormaldehyde ^  gave  the  alkyi  2-f luoro- 3-hydroxy-2-nitropropionates 
in  73  to  89%  overall  yield. 


0 

0 

0 

'1  KOH 

II 

ai^o 

H 

(ROC)^CFNOo  - > 

roccrfho2 

— - — > 

R0CCKNC,,CH,.0!1 

c,  C 

EtOH  KOH 

0° 


R  =  CH  ,  C,,Hr 
3  2  > 


Attempts  to  hydrolyze  and  decarboxylate  the  hydroxyesters  directly  to  fLuoro- 
nitroethanol  gave  complex  mixtures.  Consequently  the  hydroxyl  group  was  pro¬ 
tected  by  a  reaction  with  dihydropyran  in  the  presence  of  pyridinlum  p-toluene- 
sulfonate.  The  ester  group  of  the  blocked  compound  was  hydrolyzed  with  base 


to  give  the  tetrahydropyranyl  ether  of  f luoronitroethanol.  This  protecting 
group  can  be  removed  cleanly  with  pyridinlum  p-toluenosulfonate.  An  overall 


yield  of  6ojo  of  2-f luoro-2-nitroethanol  from  the  hydroxyester  was  thus  obtained. 


Cft^OH 
Pyr  OTs" 


hcfno2ck2uh 


Subsequently,  investigation  of  reaction  conditions  for  the  malo- 
nate  hydrolysis  led  to  a  simple  one  step  preparation  of  fluoronitroethanol. 

It  was  found  that  the  nydrolysis  of  diethyl  f luoroni tromalonate  with  potassium 
carbonate  in  the  presence  of  one  equiva’ent  of  formaldehyde,  followed  by  acidi¬ 
fication  ga ve  fluorar.ii  methanol  in  distilled  yields  of  62-70%. 

0  Km 00,,  OH  0 

11  0  "iJc  2 

(EtOC)  CFNO^ - >  HCFN0?CH20H 

"  ‘  2)  1I30+ 

10 

The  reported  method  for  preparing  1-f luoro-l-nitroethylene  con¬ 
sists  of  heating  2-f luoro-h’-nitroethyl  acetate  with  potassium  acetate  at  130- 
lU0°C.  The  preparation  of  the  acetate  from  the  alcohol  v;as  straightforward. 
Repeating  the  reported  elimination,  however,  gave  ns  less  than  a  10%  yield  of 
the  olefin,  and  the  product  was  contaminated  with  acetic  acid. 

Ac  ,0  KOAe 

HCKN0oCHm0H  — >  H CFNOmOH-  OAc  - >  0Ho  =  CF»0m 

e.  2  ‘  4  - 

Ti.e  spectral  properties  of  the  olefin  were  consistent  with  the 
assigned  struct,  re.  The  K  '  NMR  spectre  :i  showed  a  broad  doublet  ( J-  33  Hz)  at  107*^ 
ppm,  and  the  proton  NMR  spectrum  showed  a  doublet  of  doublets  (J=  33.5  Hz)  at 
.'6. 07  (  1  H)  an'-  a  .multiplet  (  1  H)  at  p.6j.  The  ]R  spectrum  showed  a  nitro 
hand  a+  1560  cm 


12 


Dehydration  of  fluoronitroethanol  vac  al60  attempted  usin g  the 

14 

phthalic  anhydride  method  that  has  been  used  for  simple  nitroolef ins.  A 

10$  yield  of  f luoronitroethylene  was  obtained.  The  use  of  free-radical  inhi¬ 
bitors  and  the  silylation  of  the  glassware  did  not  increase  the  yield.  The  use 
of  dicyclohexyl  earbodiimide  as  a  dehydrating  agent  was  also  examined.  Yields  of 
f luoronitroethylene  were  10-15$,  and  the  product  was  contaminated  with  cyclohexene. 

Preliminary  a+tempts  were  made  to  polymerize  fluoronitroethylene. 
Aqueous  base  reactions  gave  hydration  to  fluoronitroethanol  or  decomposition  with 
loss  of  fluoride  ion.  Triethylamine  reacted  explosively  with  f luoroni troethylene 
at  room  temperature.  Fluoronitroethylene  was  not  affected  by  azobisisobutyroni- 
trile  in  refluxing  b;r.zene.  Further  polymerization  studies  are  in  progress. 

B.  E::;  er  i  mental 

Ethyl  1'  Luc  ran  it  r  x-cotatc.  4  solution  of  5-6  g  (O.  100  mol)  of  potassium 
hydroxide  in  ‘<0  ni  of  ethanol  was  added  ever  a  1  h  period  to  diethyl  fluoro  nitro- 
malorate  (22 . 3  L>  0.10..  moi )  in  100  ml  of'  ethanol  al  0°,  The  resulting  yellow 
slurry  was  stirred  for  iO  min  at  0*  0,  and  was  then  poured  into  125  ml  of  ice- 
cold  1  N  hydrochloric  acid.  The  product  was  extracted  with  methylene  chloride 
(3  x  100  ml),  and  the  combined  organic  portions  were  dried  over  magnesium  sul¬ 
fate  and  concentrated  under  vacuum  to  give  14.0  g  of  palp  yellow  oil.  NMR  analy¬ 
sis  indicated  a  (jG :4  ratio  of  ethyl  f 1 uoronitroacetate  to  diethyl  f luoronitroma- 
lonate  and  an  89$  yield  of  ethyl  fluoronitroe.cet.ate.  The  crude  product  was  used 
in  subsequent  steps  without  further  purification;  H  NMR  ( CDCi-j)  6. 17  (d,  T=  47 
Hz,  CHF,  1  H),  4. 30  (g,  J=  7  H?-,  C3h„  2  H).  and  1.38  (t,  J=  7  Hz,  CH„  3  H); 
lyF  NMR  (CDCI..)  l}1  15'.)  (d,  J  =  1*7  llz). 
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Methyl  2-fluoro-3-hydroxy-2-nitropropanoate.  To  a  solution  of  6.0J0  g 
(43.8  mmol)  of  methyl  fluoroacetate  in  20  ml  of  formalin  was  added,  with  stir¬ 
ring  at  0°C,  4  drops  of  40$  potassium  hydroxide.  The  reaction  mixture  was 
stirred  0.5  h  at  0°C  and  0.5  h  at  room  temperature.  The  solution  was  acidified 
to  pH-1  with  hydrochloric  acid,  added  to  50  ml  of  50^  saturated  sodium  chloride 
solution  and  extracted  with  methylene  chloride.  The  organic  solution  was  dried 
over  magnesium  sulfate  and  concentrated  under  vacuum.  Short-path  distillation 
of  the  residue  (95-95°C,  0.4  mm)  provided  6.53  g  (89$  yield)  of  pale  yellow  oil 
which  was  homogeneous  by  TLC  and  NMR  analysis;  TLC  (1:1  KtOAc/Pet  ether;  Rf= 
0.37);  IR  (film)  3500  (s,  OH),  1760  (s,  0=0),  1580  and  J+60  cm"1  (s,  N0g); 
■hl-NMR  (CDC1  )  S  3- 33-4.90  (bm,  3  H),  3-90  (s,  a^Me);  19K-NMR  (OTCl^)  (!)  I36.I 
(t,  J=20.5  Hz). 

Methyl  2- f Iuoro-3-hydroxy-g-nitropropanoate  Tetrahydropyran  derivative. 

A  solution  of  4.80  g  (28-74  mmol)  of  methyl  2-fluoro-3-hydroxy-2-nitropropa- 
noate,  0.77  g  (3-07  mmol)  of  pyridinium  p-toluenesulfcnate  and  4.1  ml  (45  mmol) 
of  dihyropyran  in  3?  ml  of  methylene  chloride  was  stirred  at  room  temp,  for 
4  h.  The  reaction  mixture  was  then  poured  into  50  ml  of  water  and  the  organic 
layer  was  separated  and  the  aqueous  layer  was  extracted  twice  with  methylene 
chloride.  The  combined  organic  solutions  were  dried  over  magnesium  sulfate 
and  stripped  of  solvent  under  vacuum  to  give  7-26  g  of  residue.  Attempted 
purification  by  either  distillation  or  GLC  resulted  in  decomposition.  Infra¬ 
red  analysis  of  the  crude  product  indicated  absence  of  hydroxyl  groups;  1I1-NMR 
(CDCl3)<f  3.20-5.00  (m,  5  H),  3- 87  (s,  3  H)  and  I.63  (m,  6  H);  i9F-NMR  (CDCl^) 

4>  134.3  (t,  .1=  16  Hz). 


Ethyl  2-fluoro-3-hydroxy-2-nitropropanoate.  To  a  solution  of  crude 
ethyl  fluoronitroacetate,  obtained  from  0.1  mol  of  diethyl  fluoronitro 
malonate,  and  40  ml  of  formalin  in  100  ml  of  methanol,  was  added  5  drops  of 
4<7Jt  potassium  hydroxide.  In  1  h  the  mixture  was  acidified  with  10  ml  of 
5  N  hydrochloric  acid,  poured  into  50  ml  of  brine,  and  extracted  with  methyl¬ 
ene  chloride.  The  methylene  chloride  solution  was  dried  over  magnesium  sul¬ 
fate  and  solvent  was  removed.  Short-path  distillation  (83-88°C,  0.4  mm) 

yieLded  13-2  g  of  ethyl  2-fluoro-3-hydroxy-2-nitropropanoate  (73 ^  overall  yield 
from  diethyl  f luoronitromalonate) ;  IR  (film)  335°  (s,  OH),  1770  (vs,  0=0),  and 
1590  cm*1  (vs,  N02);  VilMR  ( CDCl^  4. 10-4.70  (m,  2  H,  O^OH),  4.37  (q,  J= 

7  Hi,  2  H),  3. 53  (s,  1  H,  OH),  and  1.37  (t,  J=7  Hz,  3  H);  19F-NMR  (CDC13)  $ 
136.2  (t,  J=l8  Hz). 

Ethyl  2-f Luoro-3-hydroxy-2-nitropropanoate  Tetrahydropyran  derivative. 

The  title  compound  was  obtained  in  essentially  quantitative  yield  using  the 
procedure  described  above  for  the  methyl  ester.  This  THP  ether  was  similarly 
unstable  to  purification  by  either  distillation  or  GLC;  IR(film)  No  hydroxyl 
present;  1770  (vs,  C=0),  1590  and  1460  cm'1  (N0?);  ^H-NMR( CDCl^)  o  ~ 3- 30-4 . 80 
m,  5  H),  4.33  (q,  J=7  Hz,  2  H,  OO^CHj),  -- 1.00-2. 00  (m,  6  H)  and  1.33  (t,  J- 

IQ  , 

7  Hz,  j  II);  F-NMR  (CDCi  )  (f  134.2  (m). 

:  -Fluoro-2-nit  rocthanol  1'ctrahydropyran  deri~'a  ti  ve.  The  crude  product 
from  26.7  mnoi  of  methyl  2-  f  1  uoro- 3-lydroxy-2-nit  ropropunoat  °  and  dihydre- 
jyrar.  was  rlissol,,ed  ir.  50  ml  of  1:J  me+  hano l./water  and  2-3  g  (57  mmol)  of  so¬ 
il  ■  •  .  V  y..roxi<jo  in  U<  ml  of  water  was  added  over  a  1.5  min  period  at  0°C.  The 
rr. ’..lure  -/as  a  '.owed  fr.  stand  3  t.  at  l A  and  1.0  n  at  room  temp.  The  resulting 
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yellow  suspension  was  slowly  acidified  at  0°  (4  N  HCl)  to  pH-1,  and  the  pro¬ 
duct  extracted  three  times  with  methylene  chloride.  The  organic  solution  was 
dried  over  magnesium  sulfate  and  solvent  was  removed  to  give  4.17  g  of  orange 
oil.  The  crude  product  was  not  stable  to  distillation.  Infrared  analysis 

showed  a  lack  of  carbonyl  absorption;  'Hi-NMR  (CDCl^) $  5-97  (dt,  J=  48  and  -~3  Hz, 

19 

l  H),  3.20-4.80  (complex  m,  5  H),  and  1.60  (m,  6  H);  F-NMR  (CDCl^)  9  154.6 
(complex  pattern).  The  same  product  was  obtained  in  98^  overall  yield  from 
ethyl  2- f luoro- 3-hydroxy-2- nitroprcpanoate . 

2-Fluoro-2-nltroethanol.  A)  A  solution  of  1.92  g  (10  mmol)  of  2-fluoro- 
2-nitroethanol  tetrahydropyran  derivative  and  O.30  g  (1.2  mmol)  of  pyridinium 
p-toluenesulfonate  in  20  ml  of  methanol  was  heated  at  55-65°  for  2  h.  The 
methanol  was  removed  under  vacuum  and  the  resulting  oil  was  triturated  with 
ether  (4  x  10  ml).  The  combined  triturants  were  concentrated  to  afford  1.10  g 
of  orange  oil.  NMR  analysis  indicated  the  presence  of  desired  alcohol  and  the 
THP  ether  of  methanol;  IR  (film)  3500  (vs,  OH),  and  1590  cm”'1'  (vs,  NO^); 

*H-NMR  (D^-acetone)  <66. 13  (dt,  J=  48  and  •»  2  Hz,  1  H),  4.77  (6s,  1  H,  OH), 

19  - 

and  4.00-4.60  (m,  2  H);  F-NMR  (D^-acetone)  9  157-2  (dt,  J=  48  and  20  Hz). 

B)  To  a  solution  of  77-8  g  (0.349  mol)  of  diethyl  fluoronitromalonate  and 
28  ml  of  formalin  (O.35  mol  of  formaldehyde)  in  400  ml  of  methanol  at  -10°C 
was  added  51  g  (370  mmol)  of  potassium  carbonate  dissolved  in  400  ml  of  water 
over  a  0.5  h  period.  The  cooling  bath  was  then  removed  and  the  yellow-orange 
slurry  was  slowly  warmed  to  room  temperature.  Af+er  0,5  h  the  mixture  was 
cooled  to  0°  and  175  ml  of  5  jj  hydrochloric  acid  was  added.  The  resulting 
solution  was  extracted  with  4 00  ml  of  ethyl  acetate  and  4  x  200  ml  of  ether. 
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The  combined  organic  solutions  were  dried  over  magnesium  sulfate,  concentra¬ 
ted  and  distilled  to  give  28  g  of  colorless  liquid,  bp  75-85°C  (0.2-0. 5  mm). 

19 

F-NMR  analysis  indicated  that  the  product  was  contaminated  by  7$  of  an  un¬ 
known  impurity  (multiplet  at  148, 3  ppm)  and  9$  of  ethyl  2-fluoro-3-hydroxy- 
2-nitropropa.noate.  The  yield  of  fluoronitroethanol  was  62%.  Increasing  the 

reaction  time  at  room  temperature  from  0.5  h  to  1  h  provided  a  6fJ$>  distilled 

v  19 

yield  of  fluoronitroethanol  95“  pure  by  F-HMR  analysis.  Slow  distillation 
using  a  10  cm  Vigreaux  column  yields  a  highly  pure  product  (57-58°,  0.2  mm) 
which  is  identical  to  the  fluoronitroethanol  prepared  by  the  multi-step  route 
described  above. 

2-Flnoro-2-nltroethyl  acetate.  Fluoronitroethanol  (5*0  g,  46  mmol) 
was  added  with  stirring  to  5  ml  of  acetic  anhydride,  and  the  solution  was 
heated  at  50°C  for  0.5  h.  Solvent  was  removed  under  vacuum.  Kugelrohr 
distillation  gave  5-2  g  (75$)  of  colorless  oil,  at  65-75°C  (0,1  mm).  IR 
(film)  no  hydroxyl  present ;  1760  (vs),  and  1590  cm  ^  (vs);  "Sl-NMR  (CDC1  ) 

P6.03  (dt,  J=48  and  3  Hz,  1  H),  4.40-4.87  (m,  2  H)  and  2.10  (s,  3  H); 

L9F-NMR  (CD0l3)  4  155-6  (dt,  J=48  and  18  Hz). 

1-Fluoro-l-nltroethylene.  A)  from  fluoronitroethanol.  A  mixture 
of  I. 10  g  (10  mmol)  of  fluoronitroethanol  and  1.5  g  (10  mmol)  of  phthalic 
anhydride  was  heated  at  l6b-195°C  (60  mm).  A  10  cm  Vigreaux  column  attached 
to  the  reaction  flask  prevented  the  fluoronitroethanol  from  distilling  over. 
Turin,-,  a  2  h  period  of  neating  a  smalL  quantity  (200  mg)  of  f luoronitroethylene 
and  water  vm.s  collected  in  a  -80°C  receiver.  The  product  was  dried  over 
calcium  chloride  and  redistilled  at  2^°C  (60  mm),  to  give  a  pale  yellow  oil, 
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a  potent  lachrymator:  IR  (CDCl^)  1560  and  1300  cm-"''  (vs);  Hl-NMR  (Dg-acetone) 

->  6.07  (dd,  J=33  and  5  Hz,  1  H)  and 'v 5-63  (hm,  1  H);  F-NMR  (Dg-acetone) 

\  107.4  (bd,  J=33  Hz). 

B)  from  2-fluoro-2-nitroethyl  acetate.  A  mixture  of  1  g  of  2-fluoro-2-nitro- 
ethyl  acetate  and  .  05  g  of  potassium  acetate  were  heated  at  130-170°C  at  at¬ 
mospheric  pressure.  A  short-path  distillation  apparatus  with  dry-ice/acetone 
cooled  receiver  was  attached  to  the  heated  reaction  flask.  Only  100  mg  of 
a  mixture  of  desired  product  and  acetic  acid  were  collected.  The  fluoroni- 
troethylene  formed  was  identical  to  the  product  obtained  by  phthalic  anhy¬ 
dride  dehydration  of  fluoronitroethanol. 

IV.  Polymerization  of  2-Fluoro-2>2-dinitroethyl  glycidyl  Ether 
A.  Discission 

Earlier  on  this  program,  success  in  using  phosphorous  pentafluoride 
to  polymerize  3-fluoro-3-nitrooxetane  to  a  difunctional  hydroxyl-terminated 
polymer  led  to  a  study  of  the  use  of  this  catalyst  to  polymerize  the  energetic 
epoxide,  2-fluoro-2,2-dinitroethyl  glycidyl  ether.  A  cyclic  dimer,  a  mono¬ 
functional  hydroxy  polymer  and  a  diol  of  molecular  weight  lflOO  were  obtained 
by  conducting  the  polymerization  at  -rj8°C.  The  three  materials  were  readily 
separated  by  column  chromatography,  but  the  yield  of  the  desired  did  was  rela¬ 
tively  low. 

The  polymerization  of  epoxides  with  simple  Lewis  acids  such  as  PF^ 
15 

is  generally  ascribed  to  proton  initiation.  That  is,  trace  amounts  of  -water 
complex  wi+h  the  catalyst,  and  this  complex  provides  reactive  hydrogen  ions 

A  strong  proton  acid  might  therefore  be  ex- 


lO 


that  in'tiate  poLmori  zat  ion. 


pected  to  give  similar  results.  The  strongest  of  the  common  acids,  triflic 
acid,  has  received  relatively  little  attention  as  a  catalyst  in  epoxide  poly¬ 
merization.  ^  Because  of  the  profound  effect  of  water  in  initiation  and  chain 
transfer,  we  examined  the  polymerization  of  fluorodinitroethyl  glycidyl  ether 
with  triflic  acid,  its  anhydride  and  its  hydrates. 

Preliminary  experiments  showed  a  large  difference  in  reaction 
rates  between  the  phosphorous  pentaf luoride  and  triflic  acid  systems.  Thus, 
while  solution  polymerizations  with  PF^  were  complete  within  minutes  at  -78°C, 
the  triflic  acid  catalysts  required  on  the  order  of  a  week  at  room  temperature. 

In  order  to  provide  reasonable  reaction  rates  higher  temperatures  were  used  and 
polymerizations  were  conducted  without  solvents.  A  series  of  exploratory  expe¬ 
riments  conducted  with  neat  epoxide  at  8o°C  with  hydrated  triflic  acid  as 
cataLyst  is  described  in  Table  I.  These  experiments  were  carried  out  on  a 
1-2  millimole  scale,  and  yields  were  determined  by  preparative  thin  layer  chro¬ 
matography.  Unreacted  monomer,  cyclic  dimer  and  polymer  were  readily  separat'-d. 

No  monofunctional  material  similar  to  that  obtained  with  PF^  catalysis  war  formed. 

An  unexpected  result  of  these  experiments  is  the  increase  in  polymer 
molecular  weight  that  is  observed  with  time  when  one  compares  runs  with  the 
same  type  and  amount  of  catalyst.  This  result  is  contrary  to  those  '>!’  published 
studies  of  cationic  polymerizations  in  which  oxonium  ions  are  the  propagating 
species;  as  monomer  becomes  depleted,  chain  termination  should  become  statisti¬ 
cally  more  predominant.  Further  information  was  obtained  by  fol lowing  the 
course  of  the  reaction  by  fluorine  NMR  spectroscopy.  The  chemical  shift  of 
trifiate  esters  is  different  from  that  of  triflic  acid  and  its  complexes. 


Table  I 


Polymerization  of  Fluorodinitroethyl  Glycidyl 
Ether  with  Triflic  Acid  Hydratesa 


Mole  % 

Time 

* 

Polymer 

Dimer 

No. 

Qatalyst 

Oat. 

(hrs) 

Bx 

MW 

Yield*3 

Color 

Yield*1 

(*) 

(*) 

1. 

CF^SO^H-O.2 

h2o 

5-0 

17-5 

100 

1777 

34 

d .  brown 

29 

2. 

CF3SO3H-O. 2 

h2o 

5-0 

4.5 

95 

1252 

40 

colorless 

23 

3. 

CF^SO^H-0. 2 

h2o 

5.0 

1.6 

70 

835 

45 

colorless 

17 

4. 

CF3SO3H-I.O 

h2o 

5-0 

17.5 

100 

1532 

46 

d .  brown 

18 

5- 

CF3SO3H-I.O 

HpO 

5-0 

4.25 

100 

1345 

58 

brown 

16 

6. 

CF3SO3H-I.O 

h20 

5.0 

1-5 

95 

904 

60 

colorless 

11 

7. 

CF3SO3H-I.O 

h2o 

1.5 

28.5 

100 

1248 

39 

colorless 

2  7 

8. 

CF3SO3H-I.O 

h2° 

3-0 

9 

100 

1582 

33 

brown 

23 

9- 

CF3SO3H-I.O 

0 

C\J 

7-5 

1.2 

100 

.1187 

64 

brown 

9 

10. 

CF^SO^H-2.0 

H2° 

2.6 

21.2 

100 

1529 

43 

d.  brown 

?4 

a.  No  solvent,  80°C. 

b.  Based  on  fluorodinitroethyl  glycidyl  ether  consumed. 


Up  to  the  100$  monomer  conversion  point,  triflate  esters  were  observed 
to  predominate,  even  when  the  dihydrate  catalyst  was  used.  When  heating 
was  continued  long  after  the  10 0$  conversion  point,  unbound  triflic  acid 
was  the  predominant  species  in  the  NMR. 

The  NMR  data,  the  molecular  weight  results  and  the  low-reaction 
rates  compared  to  those  for  PF^  catalysis  are  all  consistent  with  a  mecha¬ 
nism  involving  triflic  acid  addition  t.o  epoxide.  Insertion  of  triflate  esters 
into  the  epoxide  group  provides  propagation,  whereas  alkylation  of  hydroxyls 
as  well  as  hydrolysis  provide  termination.  Alkylations  of  alcohols  by  tri- 

IT 

flates  have  been  reported  with  simple  substrates. 

CF,S0.,H  +  aU-OU-R - »  "F..00  UfL-.CiUR 

j  5  *v 

0  OH 

CHg-CH0-R 

\2/  R  R 


0  I 


->  CF3S03- 

ch,,ch-o- 

-H  - *  Cr.SOj 

ai_ai-o- 

2  J 

R 

1 

R 

i 

.  1 

ch2ch-o-~ 

-H 

- 

|  1  ~1 

HO  ai  — H  + 

CFG0I1 

—  -j 

n 

L  -  Jsn 

3  3 

cf3so3- 


R 

.  I 

aucti-c- 


h,  o 


R 


H0iai,CH- 


I  c 


CF3S031I 


Larger  scale  experiment.!',  is i rig  10  millimoles  of  f  1  uorodinltroetbyl 
glyctdyl  ether  were  carried  out  t.o  compare  catalysis  by  triflic  anhydride,  tri¬ 
flic  acid  and  triflic  acid  monohydrato.  The  reactions  were  carried  out  at  fio°C 
without  solvent  \»j th  b  mole  $  r.f  the  catalyst.  i  ocs  of  starting  material  was 


i 


followed  by  TLC  and  NMR,  and  the  reactions  were  discontinued  when  the  epoxide 
was  gone.  The  triflic  anhydride  reaction  was  complete  in  4.75  hours.  A  2 6$ 
yield  of  the  normal  polymeric  fraction  with  a  molecular  weight  of  923  was 
obtained.  The  cyclic  dimer  fraction  was  resolved  into  two  compounds,  obtained 
in  yields  of  16  and  21$  respectively.  Work  to  identify  these  materials  i6  in 
progress.  The  triflic  acid  reaction  was  complete  in  4.25  hours,  and  gave  a 
37$  yield  of  polymer  with  an  osmometric  molecular  weight  of  1451  and  a  func¬ 
tionality  of  I.72.  The  same  nonfunctional  dimeric  materials  were  obtained  in 
yields  of  21  and  25$  respectively.  The  triflic  acid  monohydrate  reaction  was 
completed  in  2  hours,  and  gave  a  45$  yield  of  polymer  with  a  molecular  weight 
of  1207.  The  functionality  of  this  material,  determined  by  silylation  and  NMR 
was  found  to  be  1.156.  The  dimeric  products  were  obtained  in  yields  of  18$  and 
17$.  The  structures  of  the  dimers  as  wo)!  as  that  of  another  material  that  is 
held  tightly  by  silica  gel  remain  t.o  be  determined. 

Preliminary  attempts  were  muue  to  extend  polymer  molecular  weight 
by  adding  additional  monomer  after  the  initial  reaction  period,  and  also  to 
add  mild  bases  to  promote  chain  coupling.  Heating  the  epoxide  with  5  mole  $ 
triflic  acid  hydrate  for  1.5  hours,  adding  an  additional  mole  of  epoxide  and 
heating  for  3  hours,  and  stirring  with  potassium  carbonate  for  22  hours  gave 
a  4i$  yield  of  polymer  with  a  molecular  weight  of  lfi29- 

A  sample  of  the  monomeric  ditriflate,  FL'( N0o )oCHo0CHoCHQlo0S0oCF-., 

I 

0S0oCF, 

^  o 

was  synthesized  for  investigations  of  the  insertion  reaction. 


B.  Experimental 


Polymerization  of  2-Fluoro-2,2-dlnltroethyl  Glycidyl  Ether  with 
Trifllc  Acid  Mor.ohydrate.  TrifluororaethaneBulfonic  acid  monohydrate  (0.055  ml, 
O.55  mmol  vtas  added  slowly  with  stirring  to  2.33  G  (1.60  ml,  0.0111  mol)  of 
2-f luoro-2,2-dinitroethyl  glycidyl  ether.  The  reaction  mixture  was  heated  at 
80  ±  2°C  with  stirring  until  consumption  of  the  monomer,  followed  periodically 
by  TLC  was  complete  (2  h).  The  mixture  was  dissolved  in  10  ml  of  methylene 
chloride,  stirred  for  5  min  with  sodium  sulfate  and  filtered.  Removal  of  the 
solvent  under  vacuum  gave  1*925  G  of  a  pale  yellow  viscous  oil.  A  0.377  g 
portion  was  fractionated  by  preparative  TLC  (silica  gel  60,  2  mm  thick,  4 : 1 
methylene  chloride-ethyl  acetate,  UV  detection).  Components  were  isolated  by 
extraction  with  ethyl  acetate.  Dimers  identical  to  those  described  for  the 
triflic  anhydride  reaction  wer<  obtained:  O.ki-O.^b  (0.0 68  g)  and  R^.  0.6l- 

O.71  (0.0 6h  g).  Thf  polymer  fraction,  R(.  0. 09-O.il,  0.11:8  g,  had  a  molecular 
weight  of  1207  (VPO) :  proton  NMR  (CDCL  )  S  j.2-3.9  (m,  -oCHCH.,0-)  and  L.55  ppm 
(d,  J=  17  Hz,  OCH^CF),  relative  areas  53:21;  f'!  1  rise  NMR  (j)  MO  ppm  (t,  J=  17  Hz, 

c. 

CF) .  This  material  was  dissolved  in  5  mi  of  . Jiehloroet  Lane  and  2  ml  of 


hcxamethyldi silaza  ie 

and  0.5  ml  of 

t  r l me • 1  y  1  s i  : y  . 

•h  1  oride 

were  added. 

The 

mixture  was  refluxed 

for  1.5  h  and 

v  1  i  at  i  s  wi  •  re 

remov»  d 

under  vacuum. 

The 

mixture  was  dissolved  in  5  mi  of  methylen-  chi'ri  le  and  filtered,  and  the  solu¬ 
tion  was  stripped  of  solvent  under  vi.  .nm.  LMf<  integration  of  the  silyl  pro¬ 
tons  showed  an  equivalent,  weight  /.  ( 5>;,  r  hydroxyl  functionality  of  1.86. 

Polymerization  of  i’-Fi uoro-P,2-d i n ; troethyl  Glycidyl  Ether  with 
Trlflic  Acid.  The  above  procedure  using  0. 04‘9  ml  (0-55  mmol)  of  trif luoromethane- 
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sulfonic  acid  as  catalyst  resulted  in  disappearence  of  monomer  in  4.25  h  to 
give  1.886  g  of  tan  viscous  oil.  A  O.376  g  aliquot  gave,  by  preparative 
TLC,  0.080  g  with  Rf  0.45-0.57  0.092  g  with  Rf  0.62-0. 75,  and  O.139  g  of 
polymer  fraction  with  a  molecular  weight  of  1451.  Silylation  showed  an 
equivalent  weight  of  843  or  1.72  functionality. 

Polymerization  of  2-Fluoro-2,2-dinitroethyl  Olycidyl  Ether  with  Trlflic 
Anhydride.  The  above  procedure  using  0.093  ml  (O.55  mmol)  of  triflic  anhydride 
as  catalyst  resulted  in  consumption  of  monomer  in  4.75  h  to  give  after  work-up 
2.11  g  of  brown  viscous  oil.  Preparative  TLC  of  a  0.374  g  aliquot  gave  0.062  g 
of  the  material  with  Rf  0.49-0. 56  (molecular  weight  509),  O.O78  g  with  Rf  0. 58- 
0.70  (molecular  weight  496),  and  O.O97  g  of  polymer,  (molecular  weight  923)- 
2-FLuoro-2,2-dlnitroethoxy-l,2-propaneditriflate.  A  solution  of  0.23  g 
(1.0  mmol)  of  2-fluoro-2,2-dinitroethoxy-l,2-propanediol  and  0.20  ml  (2.5  mmol) 
of  pyridine  in  1.5  ml  of  methylene  chloride  was  added,  dropwise  with  stirring, 
to  O.36  ml  (2.14  mmol)  of  triflic  anhydride  at  0°.  After  20  min,  the  solution 
was  washed  with  water  (3x3  nil)  and  with  saturated  sodium  chloride  solution 
(3  ml)  and  was  dried  over  sodium  sulfate.  Removal  of  solvent  gave  0.38  g  (77$) 
of  colorless  oil:  proton  NMR  (CDCl^)Sk.O  (d,  J=  5  Hz,  CHCHp-O),  4.6  (d,  J=  4  H 
CF^SOpOCHg),  4.6  (d,  J=  16  Hz,  CHpCF )  and  5-1  ppm  (quint,  J=  4  Hz,  CHgCHCHg); 
fluorine  NMR  (CDCl.^)  <J>  73-0  (s,  CF-^OpOCHo) ,  73-4  (s,  GF^OOl)  and  108.8  ppm 
(t,  J=  16  Hz,  CFN02). 
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